


C�������� � 	

� ��� ������� �� ������� �� �������

All rights reserved under International and Pan-American Copyright Conventions. No part 

of this book may be reproduced in any form or by any means without permission in writ-

ing from the publisher: Island Press; 1718 Connecticut Ave., NW; Suite 300; Washington, 

D.C. 20009.

Island Press is a trademark of The Center for Resource Economics.

Randolph, John.

Energy for sustainability : technology, planning, policy / John Randolph and Gilbert Masters.

p. cm.

ISBN-13: 978-1-59726-103-6 (cloth : alk. paper)

ISBN-10: 1-59726-103-3 (cloth : alk. paper)

ISBN-13: 978-1-59726-104-3 (pbk. : alk. paper)

ISBN-10: 1-59726-104-1 (pbk. : alk. paper)

1. Renewable energy sources. I. Masters, Gilbert M. II. Title.

TJ808.R36 2008

333.79–dc22

2007040768

British Cataloguing-in-Publication data available.

Printed on recycled, acid-free paper.

Design by Black Dot Group

Manufactured in the United States of America

10   9   8   7   6   5   4   3   2   1

Keywords: natural resources, transportation, fossil fuels, oil, electricity, solar, wind, power, heating, land use, climate 

change, effi ciency, renewable energy, green building, community planning

This document contains sections of Chapter 16, made exclusively available to students of this

course, under the fair use doctrine making use of limited, copyrighted, material available for

education purposes of this course.



6�� S e c t i o n  V I :  E n e r g y  P o l i c y  a n d  P l a n n i n g

technology research and development programs can help fuel innovation. Energy effi ciency 

programs, including improved information and incentives, can enhance commercialization 

and deployment, speeding the diffusion process. Ultimately codes and standards validate 

established technologies.

We will review a wide range of government market transformation programs in this sec-

tion, but it is important to understand at the outset that enacting such policies is not straight-

forward. Government often has confl icting policy objectives, and there is constant political 

debate about the appropriate extent of market intervention and the specifi c industries and 

technologies to be advanced by policy initiatives. For example, some political interests aim 

to use policy to raise conventional energy prices to refl ect external costs and create an incen-

tive for more sustainable energy, but others fear that higher energy prices will slow economic 

growth with serious consequences. And of course, there is much at stake for different energy 

industries and other stakeholders who seek policies to protect or advantage their interests, so 

the policy process is further complicated by competing economic and political interests.

We will look at the politics of energy later in the chapter, but fi rst, this section reviews 

various energy policy approaches to improve energy markets.

16.3.2 The Range of Market Transformation Policies and Programs

M����� ����� !�"��#!� $!%#&#�� ��' $�!(��"� #�&%)'� � ���(� ! $!%#&* �$$�!�&+�� )�#�( ��(,

ulations, economic incentives and disincentives, learning investments, and direct assistance 

(Table 16.1). We provide below a general description of these approaches, and the following 

two chapters describe specifi c energy policy initiatives by the U.S. federal government and 

other national governments as well as U.S. state and local energy policies.

16.3 .2 .1  Regulat ions

Regulations provide one of the most direct means of market transformation because they 

require action by producers and consumers and are not solely dependent on market forces 

for change. Because they are mandatory, they achieve a high penetration rate close to 100% 

for new effi cient products. Economic incentives affecting price and payback period cannot 

approach this market penetration as Figure 16.4 suggests.

Energy regulations can be grouped into product effi ciency standards, production stan-

dards, utility and other energy industry regulation, and environmental regulation.

Product  eff ic iency standards.  We have introduced several product effi ciency standards 

in previous chapters, including building codes, appliance effi ciency standards, and vehicle 

effi ciency standards. These regulations aim to transform markets where market forces are not 

suffi cient to produce potential economic, environmental, or societal benefi ts. The potential 

market transformation and energy and economic savings associated with effi ciency standards 

are signifi cant because of near 100% market penetration.
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Regulations

Product effi ciency standards

Production standards

Utility regulation and market reform

Environmental regulations

Price controls

Economic and Financial Measures

Tax incentives and disincentives

Financing assistance and risk insurance

Research and development funding

Procurement

Energy assistance

Energy Planning and Information

Energy planning

Information and training

Capacity Building, Partnerships, and Voluntary Action

Voluntary agreements and partnerships

Capacity building and civil society

table
 16.1
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Product manufacturers often oppose stricter effi ciency standards because of compliance 

costs, but if standards are applied equitably, they place the same requirements on all, and 

higher costs if any are passed on to all consumers. Some manufacturers who are early adopters 

producing effi cient products may have a competitive advantage under stricter standards, but 

perhaps they should be so rewarded.

Although effi ciency standards may have signifi cant environmental benefi ts, the strongest 

case for them comes from the economic benefi ts to consumers. For example, cumulative net 

consumer savings to 2030 from energy cost savings of U.S. federal appliance standards enacted 

through 2007 are estimated at $250 billion (Nadel, et al., 2006; ASAP/ACEEE, 2008).

Product ion standards. Whereas product effi ciency standards focus on the demand side 

of energy use, production standards focus on the supply side. They require a certain amount 

or percentage of supply to come from energy sources determined to be benefi cial by public 

policy. Two production standards in use today are the Renewable Portfolio Standard (RPS) for 

electricity and the Renewable Fuels Standard (RFS) for vehicle fuel. Several states have adopted 

an RPS that requires each electric utility serving customers in the state to provide a certain 

percentage or amount of their marketed power from renewable sources by a certain date. Some 

states and the 2005 and 2007 federal energy policy acts include an RFS requiring that gasoline 

suppliers provide a minimum quantity or percentage of fuel from ethanol. For example, the 
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federal RFS is 36 billion gallons by 2022, and the Minnesota RFS is 20% ethanol in gasoline 

fuel by 2010 (see Chapters 14, 17, and 18).

The primary purpose of the production standards is to establish a minimum market 

for renewable energy and thus greater certainty for developers and investors. Investments and 

greater production can help the industries move down the Experience Curve, lowering prices 

and growing their market penetration.

Uti l i ty  regulat ion.  Certain energy industries do not operate in competitive markets and 

are regulated to avoid abuse. The best examples are investor-owned electric and natural gas 

utilities that have designated service areas. Such utilities have operated as monopolies because 

consumers within the service area are essentially captured and have little choice. As discussed 

in Chapter 9, the Public Utility Holding Company Act (PUHCA) of 1938, the Public Util-

ity Regulatory Policies Act (PURPA) of 1978, and other federal laws established guidelines 

for utility regulation mostly by state utility commissions. For decades, the rates, generating 

plants, transmission lines, services, and other practices of utilities have been subject to review 

and approval by state commissions. Because some utility operations, such as interstate trans-

mission, cross state lines, federal law established the Federal Energy Regulatory Commission 

(FERC) to review and approve such operations.

From the late 1970s to the 1990s, many state commissions used their regulatory author-

ity to encourage and mandate utility programs to enhance energy effi ciency through demand-

side management. The Energy Policy Act of 1992 established opportunities for restructuring 

of utility regulations and several states experimented with new regulatory structures that aimed 

to provide greater choice and competition in utility markets, which could lead to lower utility 

rates. Although California’s restructuring failure (see Section 9.7.6) put a damper on several 

other states’ attempts, consumers in most states now have greater choice in source of electricity, 

better access to renewable sources of power, and increasing opportunities for on-site generation 

through net-metering, than ever before as a result of utility market reforms.

Still, as discussed in Chapters 17 and 18, utility regulation remains a moving target. 

The Energy Policy Act of 2005 repealed PUHCA and amended PURPA. Although some 

states have moved more slowly toward further restructuring, others have moved forward by 

adopting RPS and greater consumer choice.

Environmental  regulat ions.  Environmental laws and regulations aiming to reduce the 

many environmental impacts of energy production, transport, and use have a signifi cant 

effect on energy markets. The cost of compliance acts to reduce or internalize some of the 

externalities associated with energy options. For example, compliance with coal mine land 

reclamation regulations, miner safety and health laws, and air pollution control rules increases 

the cost of coal-generated electricity. The resulting higher price of coal power helps other, less 

environmental impacting power sources, such as wind, solar, and combined-cycle natural gas, 

compete with coal. Environmental laws affecting the cost of energy include air and water 

quality regulations, waste management controls, nuclear safety and fuel cycle management, 

energy facility siting requirements, and others.
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Some regulations include a market component to enhance implementation. An 

emission caps and trading system is used in the U.S. Clean Air Act for control of sulfur 

 oxides. Coal power plants are allocated caps on SO
x
 emissions; if they reduce emissions  below 

the caps they can sell credits to other plants, which can use those credits in lieu of their own 

emissions reductions. The European Union (EU) uses a similar system for carbon emissions 

from industry (see Chapter 17), and such a carbon emissions control system is currently 

proposed in the U.S. Congress.

Energy pr ice controls .  Government has the authority to regulate wholesale and retail 

prices of energy. Indeed, utility regulation has essentially controlled electricity rates. But elec-

tricity price controls were at least partially blamed for California’s electricity crisis of 2001. 

Most efforts in restructuring utility regulation have enabled more competition and integra-

tion of market forces into rate structures.

Government has used its authority over utilities to affect not only retail  pricing 

but the rates utilities must pay non-utility generators supplying electricity to the grid. These 

can include a homeowner with rooftop PVs, a large windfarm, or an industry with a combined 

heat and power system. These so-called buy-back or feed-in rates will determine in large 

part the cost effectiveness of these on-site effi cient and renewable electricity systems. Under 

the PURPA of 1978, these rates in the U.S. were to be based on the costs avoided by utili-

ties for buying the on-site power. These rates were generally too low to provide an effective 

fi nancial incentive for developing such systems. Most states now offer net metering for small-

to-moderate on-site systems, essentially requiring utilities to buy back power at retail rates. In 

many European countries, especially Germany, feed-in rates are set well above retail, and this 

has led to an explosion of wind and solar systems that has made Germany the world leader in 

both (see Section 17.1.2.2).

Beyond utility rates, the evolving political climate for deregulation of markets has 

diminished government interest in direct control of consumer energy prices. This climate 

was affected by ineffectual efforts to regulate price of oil and natural gas. In 1971, the U.S. 

federal government had a complicated system of price controls on crude oil produced in this 

country, but by 1979 they were deemed ineffective and were repealed with an accompany-

ing “windfall profi ts” tax on excess oil company profi ts from the higher prices that followed 

the repeal. Since that time, oil and natural gas prices have been determined largely by inter-

national markets. Recent record oil company profi ts in 2005–2007 resulting from record 

world oil prices have renewed proposals for windfall profi ts taxes, but they have not mustered 

suffi cient political support for enactment.

16.3 .2 .2  Economic and Financial  Measures

This is not to say that government policy does not aim to affect the cost of energy or energy 

systems. Government economic and fi nancial measures are powerful policy tools used to 

 affect investors, energy developers, and energy consumers. These measures can reduce fi nan-

cial risk, lower investment cost, fund development of new technology, and assist those  hardest 



FGH S e c t i o n  V I :  E n e r g y  P o l i c y  a n d  P l a n n i n g

hit by the cost of energy. We can distinguish fi ve basic types of economic and fi nancial energy 

policies: tax policies, other fi nancing and risk assistance, research and development funding, 

government procurement, and direct assistance.

Tax incent ives and dis incent ives.  Most individuals, fi rms, and investors are very 

sensitive to the taxes they pay, and energy tax policy can affect behavior of consumers, devel-

opers, and investors. There are different types of tax incentives and disincentives:

1. Energy taxes and surcharges increase the price of conventional energy, and higher prices 

can reduce demand and increase the value of energy saved by effi ciency or alternative 

 sources, and thus improve their SPP. An example of an energy tax is the excise tax on 

gasoline. In 2006 the average excise tax on gasoline in the United States was $0.39/

gal, which has little effect on demand and energy saved by effi ciency and conservation 

compared to the U.K. tax of $4.00/gal (see Figure 13.12).

  A surcharge per kWh electricity consumption is a common way state utility commis-

sions have allowed utilities to generate revenues for demand-side effi ciency programs.

  Broader taxes on energy, such as carbon or Btu tax, have been debated in the EU and 

the United States. For example, in 2007 Columbia Business School Dean and former 

Bush economic advisor Glenn Hubbard argued for a carbon tax, saying if you want to 

fuel innovation, you have to price it. Others argue that a carbon tax would be more 

effective and more easy to implement than a carbon cap and trade systems because it 

would apply to all energy markets at the point of sale including households and vehi-

cles, whereas successful cap and trade systems have only been applied to large stationary 

sources. The fate of a carbon tax in the United States is uncertain because energy taxes 

are politically charged, and past federal proposals have been soundly voted down.

2. Energy investment tax credits aim to spur investment in qualifi ed energy effi ciency 

measures and production facilities by effectively lowering the initial cost by the value of 

the tax credit. For example, the 2005 Energy Policy Act provides a 30% tax credit for 

business investments in solar energy systems.

3. Energy production tax credits provide a direct incentive for the production of quali-

fi ed energy sources. For example, producers of electricity from qualifi ed renewable 

sources in the United States receive a tax credit of 1.8¢/kWh generated for commercial 

sale. Blenders of fuel ethanol receive a tax credit of 51¢/gal of ethanol blended for fuel 

sales.

4. Energy research and development tax credits are applied to expenditures on qualifi ed 

energy research, removing some of the fi nancial risk associated with such ventures.

5. Energy investment and production deductions on taxable income for investments 

provide an incentive similar to tax credits, but at a considerably lower rate. Solution 

Box 16.1 illustrates the different effects of an energy tax credit and tax deduction.

Financing assistance and r isk insurance.  Tax incentives can lower the initial cost of 

energy investments, but fi nancing assistance can have a more direct effect in certain situations. 
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SOLUT ION  BOX  16 .1
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The U.S. federal government wants to encourage consumers to buy energy-effi cient, low-

emission vehicles and provides tax incentives for the purchase of hybrid electric vehicles 

(HEV). In 2002–2005, the incentive was a $2000 federal tax deduction for the purchase 

of such a vehicle. The 2005 Energy Policy Act changed this to a tax credit of up to $3400 

depending on the specifi c vehicle mileage and on its marketing success (i.e., the credit goes 

down as more such vehicles are sold). The Toyota Prius has an mpg rating to qualify for 

the full $3400 credit, but because of its marketing success in 2006, let’s assume it will be 

eligible for a $2000 tax credit. How does the $2000 tax credit compare to the $2000 tax 

deduction in reducing the purchase price of a $20,000 Toyota Prius for a household with 

$100,000 taxable income and a 30% tax bracket?

Solut ion:

Purchase in 2005: $2000 Tax Deduction

Deduction is subtracted from income to which the tax-bracket percentage is applied:

Without deduction: tax = $100,000 × 0.30 = $30,000

With deduction: tax = ($100,000 – $2000) × 0.30 = $29,400

Tax savings = $30,000 – $29,400 = $600

Or tax savings = (tax deduction claimed) × (tax bracket %) = $2000 × 0.30 = $600

Purchase in 2006: $2000 Tax Credit

Credit is subtracted from tax obligation:

Without tax credit: tax = $100,000 × 0.30 = $30,000

With tax credit: tax = ($100,000 × 0.30) – $2000 = $28,000

Tax savings = $30,000 – $28,000 = $2000

The tax deduction lowers the purchase price by $600 or 3%, whereas the tax credit 

lowers the price by $2000 or 10%.
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incur higher government administrative costs than tax credits:

1. Low- or zero-interest loans: To improve access to and reduce the cost of capital for 

energy investments by consumers, governments can offer, or direct utilities to offer, 

incentive fi nancing for qualifi ed energy systems or measures.
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2. Rebates: Direct rebate of a portion of investment in qualifi ed energy systems or mea-

sures. These are similar in effect to tax credits, but payment to consumer is more direct 

because it does not require fi ling a tax return.

3. Feebates: Rebates are paid out of government taxpayer funds or are rate-based by utili-

ties and paid by all utility customers. Amory Lovins popularized the “feebate” that 

combines a fee or tax on consumers using high amounts of energy or purchasing ineffi -

cient products and a rebate for those consumers using less or buying effi cient products. 

The fee builds a fund to pay for the rebate so the program is revenue neutral and does 

not cost taxpayers or utility customers.

4. Loan guarantees: Reduces the risk of investments by guaranteeing partial loan 

 repayment if venture fails to meet certain return. They are generally applied to large 

industrial, high-risk ventures such as new nuclear reactors or synthetic fuel conversion 

plants.

5. Risk insurance: Government underwrites or provides insurance to reduce risk to ven-

tures with high fi nancial or safety risk. For example, the Price-Anderson Act, reautho-

rized in 2005, limits the liability to utilities for a nuclear accident at about $10 billion 

and provides a mechanism for the entire industry to share the damage cost to that 

amount, and for government to cover damages above that amount. Also, the 2005 

Energy Policy Act authorized $2 billion in “regulatory risk insurance” to the nuclear 

industry to cover the cost of regulatory delays at six new reactors.

Research and development  funding.  Research and development (R&D) is critical for 

creating new commercial technologies for market transformation. This is especially important 

for energy technologies involving new energy sources, conversion systems, storage devices, 

and effi ciency measures. Private funding of R&D is essential to advance energy technologies, 

but there is considerable risk in investments for long-term options. Therefore public govern-

ment funding of R&D is important to support high-risk activities, to reduce risk for private 

investments, and to create incentives for additional private funding. If any one policy action 

is to prepare us for the energy future, it is R&D; it is our future.

Despite its importance and the considerable economic development potential of new 

energy technologies, both public and private funding of energy R&D in the United States has 

diminished considerably since the early 1980s (Figure 16.14). Kammen and others  lament

this “underinvestment” and call for an increase in public R&D investments of fi ve to ten 

times the current levels (Kammen and Nemet, 2005; Margolis and Kammen, 1999).

Procurement .  The government is a major consumer, and one way to stimulate market 

transformation is to create a dedicated market for sustainable energy technologies by requir-

ing government to purchase them. Such requirements also help test the technologies and 

educate private consumers by example. To spur the alternative fueled vehicle (AFV) market, 

the 1992 Energy Policy Act required government vehicle fl eets to include a large proportion 

of AFVs. Federal agencies were also required to purchase ENERGY STAR rated equipment. 

Government, or utilities under its direction, can also use bulk procurement of effi cient lamps, 
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refrigerators, and other devices at reduced unit cost and use them to replace ineffi cient ones 

in selected consuming sectors (Geller, 2003).

Energy assistance programs.  Energy costs add extra fi nancial demands to the bud-

gets of low-income consumers, especially when prices increase signifi cantly. Low-income 

 consumers are usually burdened with ineffi cient cars, housing, and appliances, which make 

matters worse. In response, government can complement social welfare programs with energy 

assistance.

Programs can provide fi nancial assistance to eligible households to help pay utility 

bills, like the $5 billion per year U.S. federal Low-Income Home Energy Assistance Program 

(LIHEAP), or they can provide improvements in energy effi ciency of eligible households, like 

the $500 million per year Weatherization Assistance Program (WAP). Whereas the former 

approach simply pays for fuel and electricity with no lasting return in effi ciency improve-

ments, the latter invests in housing energy effi ciency that will continue to reduce energy bills 

in future years.

16.3 .2 .3  Energy Planning

Good energy decisions, be they consumer choices or government policies, require good 

 information and good planning. Many have argued that our current energy problems are the 

result of poor planning. We simply have not prepared a strategic course of action to lead us 

to a sustainable future. In Chapter 3 we discussed the abysmal efforts at energy forecasting 

fi gure
16.14
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Kammen and Nemet (2005) argue that public energy R&D funding should increase by 5–10 
times. Energy R&D as a percentage of total U.S. R&D has fallen from 10% to 2% since 1980.

Source: Kammen and Nemet, 2005. Used with permission.
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done in the past three decades. Forecasting is part of planning. But planning is broader and 

more normative and is simply defi ned as “fi guring out what needs to be done and how to do 

it” through a process of problem solving. As John Friedmann says, it is “applying knowledge 

to action.”

Government policy should direct careful, rational, iterative, and participatory planning 

to develop the most effective, effi cient, and equitable actions to achieve energy sustainability. 

As applied problem solving, the planning process has the following basic steps:

 1. Let’s scope out the problem and the process. This can include identifying issues, 

stakeholders, and needs for data and information; developing scenarios; or articulating 

a desired future condition.

 2. Where are we now? This includes baseline analysis of existing conditions, constraints, 

opportunities, objectives, and uncertainties.

 3. What can we do? This step formulates alternative policies, projects, programs, designs, 

or other courses of action that might achieve objectives or a desired future condition.

 4. What should we do? This assesses and evaluates the economic, environmental, and 

social effects of alternatives on objectives and future scenarios, and selects a course of 

action.

 5. Let’s do it! This is the implementation of the selected course of action, including post-

implementation monitoring, evaluation, and modifi cation if necessary.

Energy planning is conducted at all levels of government, by private companies, and 

by civil society organizations. Planning studies develop information and knowledge that can 

clarify uncertainties, articulate choices, and lead to better decisions.

Future energy is plagued by uncertainties, and this is the reason for the abysmal fore-

casting of the last three decades. As we discussed in Chapter 3, energy planning should not 

forecast “a future,” but embrace uncertainty by formulating scenarios of possible futures and 

the conditions, consequences, and uncertainties related to them. We will review examples of 

energy planning at the national, state, and local levels in the next two chapters.

16.3 .2 .4  Capaci ty  Bui ld ing for  Energy Act ion

Market transformation to sustainable energy requires action by everyone—government, en-

ergy companies, energy-consuming industry and commerce, civil society organizations, and 

individual consumers. Government policy can facilitate action through better information, 

voluntary agreements, partnerships, and capacity building of organizations and individuals.

In format ion and tra in ing.  Inadequate and inaccurate information plagues planning and 

policy decisions. To improve information, government policies support research and analysis. 

For example, the U.S. Department of Energy’s national laboratories and Energy Information 

Administration continuously support, develop, and disseminate new energy information to 

inform decisions.
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In addition, market imperfections and transaction costs are driven by incomplete, un-

available, or incorrect information on available products, sources, costs, and benefi ts. Market 

transformation requires enhancing the quality of information for consumers, producers, and 

institutions. Government programs can develop and disseminate such information through 

product testing and labeling (e.g., EPA fuel economy ratings), certifi cation programs (e.g., 

ENERGY STAR), and energy education and training.

Voluntary  agreements and partnerships.  Voluntary action can and must push mar-

ket transformation beyond the limits of regulation and fi nancial incentives. This involves 

countless participants from major industries to institutions to individual homeowners to 

make voluntary choices about their energy use. This voluntary approach is facilitated by the 

growing number of “green” or energy effi cient and environmental protocols and certifi cation 

systems such as ISO 14000 and LEED that help those taking voluntary action to make valid 

choices.

Government policy can also facilitate voluntary action through agreements and part-

nerships. Government-industry energy agreements have been very popular in Europe and 

have helped improve appliance effi ciency and reduce auto CO
2
 emissions (Geller, 2003).

Capaci ty  bui ld ing and c iv i l  society.  Market transformation requires a knowledge-

able public and the institutions to create and disseminate knowledge to the public. Govern-

ment agencies, labs, and funding for energy studies contribute to this effort, but government 

cannot perform this task alone. It involves many participants in energy assessments, plans, 

and implementation, including K–12 schools, colleges and universities, energy research and 

demonstration centers, national public interest groups, and community organizations. Gov-

ernment programs can help build the capacity of these organizations through grant funding, 

technical assistance, and partnerships.

16.3.3 Pitfalls of Market Transformation Programs

����� �� ������������ � ������ �¡ ¢�� ����£ ts of government market transformation pro-

grams over the past thirty years, but there are also critics, many of whom argue that estimates 

of energy savings from effi ciency programs are infl ated and that leads to overinvestment in 

them. In a study done for the International Energy Agency, Geller and Attali (2005) provide 

a review of these critiques and draw on the literature of experience in IEA member countries 

to learn from them. The following list illustrates the pitfalls of energy effi ciency programs 

identifi ed by critics as well as Geller and Attali’s responses.

1. The “rebound effect” will erode energy savings. The rebound effect is the increase 

in demand for energy services when the cost of service goes down because of effi ciency 

improvements. If I make my house more effi cient, I can turn up the winter thermostat 

and pay the same as before. My car is more effi cient, so I’ll drive more vehicle miles. 
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The rebound effect is real, but it is smaller than critics claim, and there are benefi ts as-

sociated with the greater services provided.

2. The economy-wide effect will also erode energy savings. Effi ciency improvements 

can lower demand, which can reduce energy prices, which in turn can lead to economic 

growth and greater energy use. Research has shown that this effect is small (1%–2% of 

energy savings), and there are benefi ts to the economy.

3. Most energy savings would happen anyway due to technical advances or rising 

energy prices. This is true, but these “autonomous effi ciency improvements” are slow 

and incomplete.

4. Discount rates used to justify energy effi ciency policies and programs are too low.

Critics suggest using “consumer purchase” discount rates of about 20%, but there is a 

good theoretical case for using “implicit” discount rates in evaluating government pro-

grams, in the range of 4%–8%, and even lower if the objective is for long-term benefi t 

like GHG emission abatement.

5. Rate- or taxpayer-funded energy effi ciency programs are an unfair subsidy that 

hurts non-participants and low-income households. Program participants do ben-

efi t more than non-participants, but carefully designed and administered programs 

should benefi t all customers with lower rates than would otherwise be the case, and all 

society with less air emissions and greater energy security. Most programs dedicate a 

large share of program resources to low-income households.

6. Energy effi ciency programs are much less effective than their proponents claim. It 

is important to use empirical data when evaluating energy effi ciency programs.

7. The market failures frequently used to justify energy effi ciency programs are 

mostly a myth. Externalities and transaction costs are well documented.

8. Energy savings are impossible to meter and too diffi cult to estimate accurately.

Although savings are diffi cult to measure, there has been great progress in monitoring 

and evaluation methods for “before and after” assessment and estimation of “free rid-

ers” and net savings.

9. Energy effi ciency is a failure because energy use has been increasing. Energy use 

has increased but not as fast as it would have without government market intervention 

programs. Figure 16.15 shows actual energy use and estimated energy use without 

programs for eleven OECD countries. Figures 1.8 and 1.9 give a similar assessment of 

U.S. energy use. 

16.4 The Social Solutions

§¨©ª« ¬®ª ¯¨°±²« ª³ ´¬µ ¶·¸¸¹º« ´»¼½ª ³¾´³ ³¾ª techno-economic solutions of effi ciency, renew-

ables, and new clean and safe fossil and nuclear technologies, along with economic market 

forces, will lead us to more sustainable energy patterns. Others, like Geller (2003) point out 

that market forces acting alone are too slow, and we need to accelerate the transition to sus-

tainable energy through government policy solutions.
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Still others, like Smil (2003) and Mallon (2006), think that market imperfections and 

the paralysis of government policy making dictate the need for the complementary social solu-

tions of civil society activism and widespread consumer choice for sustainable energy on the 

scale of a social movement. Such a social movement for sustainable energy would give politi-

cal support to aggressive government energy market transformation policies and could lead to 

widespread consumer choice for both effi ciency investments and conservation behavior.

16.4.1 Energy Politics: Achieving Necessary Market Transformation Policies

¿ÀÁÀÂÃÄÅÀÆÇ ÃÈ ÉÃÁÀÊÆÅÀÆÇ ÄÃÂËÌÍ ÎÏÃÐÂÑ ÒÀ ËÆÈÃÊÅÀÑ ÒÍ ÎÃÐÆÑ ÇÀÌÏÆËÌÓÂ ÓÆÑ ÀÌÃÆÃÅËÌ

analysis, but ultimately the adoption of policy initiatives is a political process. That process 

is a competition of ideas, data and information, and ideologies that are somehow reconciled 

in legislative programs and policies described in the previous section. Energy policy initia-

tives are infl uenced by diverse stakeholders representing a wide array of fi nancial, economic, 

environmental, industrial, and civil society interests in energy.

But it is rare to fi nd common ground among political stakeholders promoting vari-

ously coal or oil and gas or nuclear or renewables and effi ciency. Confl icting interests also 

exist between those pushing for higher effi ciency standards and the manufacturers that have 

to respond to them. As a result policy initiatives are often plagued by political paralysis and 

fi gure
16.15

ÔÌÇÐÓÂ ÀÆÀÊÉÍ ÐÎÀ ÓÆÑ ÏÍÄÃÇÏÀÇËÌÓÂ ÀÆÀÊÉÍ ÐÎÀ ÕËÇÏÃÐÇ ÀÆÀÊÉÍ ÎÓÁËÆÉÎ ËÆ ÀÂÀÁÀÆ Ö×Ø¿ ÌÃÐÆÇÊËÀÎÙ ÚÛÜÝÞÚÛÛßà

Source: IEA, 2004; Geller and Attali, 2005
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inaction, or they try to provide something for everyone without a clear prescription for mar-

ket transformation. Such appears to have been the case with the 2005 U.S. Energy Policy Act 

discussed in the next chapter.

Good examples of inadequate or slow responses in U.S. policy include vehicle fuel 

effi ciency standards, research and development funding, a meaningful national strategy for 

GHG emissions reduction, and a national renewable portfolio standard, among others.

The political process for meaningful policy change requires converging interests of gov-

ernment, industry, consumers, and civil society. If public awareness and support for sustainable 

energy grows to the scale of a social movement, elected offi cials will become more responsive 

to public opinion, and if they do not, they will be elected out of offi ce. Energy industries and 

energy-consuming product manufacturers will begin to cater to social indicators for purposes of 

public relations, civic responsibility, and more importantly to their bottom line, market share.

A social movement for sustainable energy can galvanize public, private, and civil society 

stakeholders to political action and the adoption of aggressive energy policies. This has hap-

pened in many European countries, and there are signs of a sustanable energy movement in 

several U.S. states and cities, as we will see in Chapter 18.

16.4.2 Consumer Values and Choice

ãäåæ äåäçæèéèê äåë ìåëííë îïðñ òó éñí äééíåéìòå òó éñìè ôòòõê äèèïîí éñäé öí ðäå ÷íåøìåííùú

our way out of our energy problems. They argue that through effi ciency and new technology, 

enabled by more favorable economics enhanced by government policy, we can have our cake 

and eat it too. We can maintain the increasing levels of energy services we now enjoy but with 

greater effi ciency and a more sustainable mix of energy sources.

However, there may be three fundamental fl aws with this assumption:

 1. Experience shows that signifi cant improvements in effi ciency of vehicles, equipment, 

and buildings in the United States have been offset by greater consumption for more 

vehicle-miles-traveled per capita, more and bigger houses and commercial buildings per 

capita, more appliances and equipment per capita, all resulting in greater energy con-

sumption not less. Despite signifi cant improvements in vehicle, appliance, and building 

effi ciency, U.S. energy per capita is essentially the same in 2006 as it was in 1974.

 2. Because of slow adoption of sustainable energy technologies due to inadequate market 

signals and government policies, new technology adoption alone looks insuffi cient to 

transform markets in the time frame necessary to avoid the impacts of petroleum and 

carbon dependence.

 3. Led by the U.S. lifestyle as a model, the world’s affl uent continue to expand in per 

capita consumption of materials and energy. There appears to be no end in sight. In 

fact, many argue that the world’s economy requires the driving force of consumption, 

even over-consumption, to maintain its necessary growth. Meanwhile the poor major-

ity of the world’s people struggle to reach a subsistence level of energy use.
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Vaclav Smil (2003) and others see these fl aws as the greatest challenge facing our energy 

future, as well as the future of our economy, environment, and global justice. Smil calcu-

lates that a subsistence level of energy use for an acceptable quality of life (based on food, 

 water, health, education, employment, leisure, human rights) is about 50–70 gigaJoules (GJ) 

(47–66 million Btu) per person-year.

Coincidentally, the average world per capita consumption (2005) happens to be 

75 GJ/p-yr (72 MBtu/p-yr [see Table 1.2]). But we know this is not evenly distributed. The 

 average Bengali consumes 5 GJ/p-yr of commercial energy, the average Indian 16 GJ/p-yr, 

the average Chinese 54 GJ/p-yr. This compares to the U.S. average of 359 GJ/p-yr. The aver-

age for Germany, Japan, France and the UK is about 185 GJ/p-yr.

Can the world’s energy support an expanding global population at U.S. or European 

levels of per capita consumption? This question is addressed in Solution Box 16.2. The 

answer is that at the U.S. level of energy consumption, a global population of 10 billion 

people would require more than seven times the current global energy use. Can we develop 

the energy capacity for this? Few think so. But which of the following do you think is more 

possible or likely?

 • Our ability to expand global energy by more than seven times current consumption to 

meet a global population’s demand at U.S. current per capita energy or by nearly four 

times to meet European per capita energy

S
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NSOLUT ION  BOX  16 .2
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Consumption Rates for 10 Billion People

Global annual energy consumption is about 488 × 109 GJ or 75 GJ/p-yr (2005 data). If 

the population grows to 10 billion as most demographers expect sometime in the second 

half of this century, what would the global energy consumption be at today’s per capita 

levels? . . . at today’s average European’s per capita use? . . . at today’s average U.S. per 

capita use?

Solut ion:

At current global per capita use: 10 billion people × 75 GJ/p-yr = 

750 GJ/yr or 54% more than today

At current German per capita use: 10 billion × 185 GJ/p-yr = 

1850 GJ/yr or 3.8 times today

At current U.S. per capita use: 10 billion × 359 GJ/p-yr = 

3590 GJ/yr or 7.4 times today
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or

 • Our ability to reduce energy consumption per capita among the world’s affl uent with-

out diminishing quality of life, a trend that would help to accommodate the rising per 

capita needs of the poor in an energy constrained world

The former prospect is plagued by current constraints of oil and carbon and the pace at 

which we can develop non-carbon alternatives. This is a diffi cult problem.

But the latter prospect of arresting “over-consumption” is a wicked problem. It assumes 

that technical effi ciency and new sources are not enough, and that we may need to move be-

yond “energy effi ciency” to “energy conservation.” Recall from Chapter 2, energy effi ciency 

improvements do not assume any change in the functions provided or people’s behavior, and 

energy conservation is defi ned as behavioral changes to save energy by cutting back on the 

functions energy provides, or at least the growth of those functions.

Arresting over-consumption through energy conservation assumes that at some point, 

people will voluntarily choose to be satisfi ed with a level of material consumption and the energy 

it requires. It assumes there are limits to what, on average, each person will want in the num-

ber and size of vehicles, equipment/appliances, and living spaces; the vehicle and air miles 

traveled; the lumens of light, gallons of water, and food calories consumed; the list goes on.

Surely such limits exist, but will they be so high that only a precious few can attain 

them and the rest will be left behind within the energy constraints we face? Or will these 

limits be reasonable so that many can attain them, while even more are able to rise to sub-

sistence levels of energy? Within such reasonable limits, energy use per capita would decline 

with greater effi ciency, contrary to recent trends in the United States. We seem to not have 

yet found those limits in the United States, although people in other countries seem to live 

quite well with half the U.S. per capita energy.

As evidence of global warming becomes increasingly hard for the general public to 

ignore and as gas and oil prices keep rising to record levels, there is an emerging social move-

ment for energy effi ciency and conservation. It is well developed in Europe, and even in 

the United States there are signs that many are voluntarily choosing to be satisfi ed and are 

modifying behavior and consumption. The movement responds to dissatisfaction with some 

dysfunctional aspects of the fast-paced, high-energy-consumptive lifestyle: auto dependence 

and congestion, reduced sense of community, and wasteful practices. The movement is char-

acterized by increasing interest in slower and simpler lifestyles (such as the “slow cities,” “slow 

food” movements), walkable communities, transit orientation, and resource conservation.

The popular literature in 2006 and 2007 has been fi lled with indicators of such a move-

ment. A mid-2006 issue of Newsweek carried the cover story: “The New Greening of America: 

From Politics to Lifestyle: Why Saving the Environment Is Suddenly Hot” with the byline: 

“with windmills, low-energy homes, new forms of recycling, and fuel-effi cient cars, Americans 

are taking conservation into their own hands.” Although the article presents only anecdotes 

of environmental and energy activism sweeping the nation, it may be indicative of a cultural 

“twitch,” if not a genuine cultural shift. The news media continued to fi xate on this social 

movement throughout 2007. Time will tell if it is a lasting movement or a passing fad.
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If it is lasting, it could lead to widespread consumer choice for effi cient vehicles, green 

buildings, marketed renewable power, biofuels, onsite and community distributed genera-

tion, and other sustainable technologies. Such a growing market would elicit a response by 

energy producers, product manufacturers, and investors. While enlightened consumers might 

buy sustainably, they might also limit overall material and energy consumption, voluntarily 

choosing to be satisfi ed.

Sustaining such a movement beyond a passing fad is a challenge. Successful movements 

of the 1960s dealing with civil rights, environmental pollution, and gender equity, ultimately 

became engrained in public policy and social norms (although many think there is still much 

work to be done). But social movements often suffer from a “social entropy,” similar to the 

entropy facing natural and societal systems: without a constant input of “energy” (in this case 

leadership, hard work, and collaboration of individuals and institutions), they will tend to-

ward disorder and disarray. This is especially true of sustainable energy, where public interest 

and public policy wax and wane with the volatility of energy prices.

Germany provides a useful lesson. It has had perhaps the most active “green” energy 

social movement in the world that led to decisions for a phaseout of nuclear power, a 21% 

reduction in GHG emissions from 1990 levels by 2012, and the world’s most aggressive 

development of wind power, PVs, and biodiesel. Despite these efforts, there appears to be 

resistance among some stakeholders to the large incentives for renewables (coming from the 

nonrenewable energy industry lobby) and the siting of wind farms (coming from some com-

munity advocacy groups; Runci, 2005). (See Chapter 17.)

Some argue that the social movement for renewable energy that existed in the United 

States in the 1970s to 1990s met its demise when renewable technologies were taken over by 

big corporations such as BP, Shell, and General Electric; they argue that corporations worked 

more to inhibit development than to advance it. What is needed, they say, is a more commu-

nity-based energy movement that tackles “contemporary society’s preference for abundance 

over suffi ciency, for waste over frugality, for replacement over repair, and for frugality over 

utility” (Glover, 2006, p. 263). This latter point is consistent with the need for social solu-

tions, but necessary market transformation cannot rest alone on lifestyle changes or “back-

yard renewables” as Glover implies. It also needs huge learning investments, large-scale infra-

structure, research and development, and growing production to slide down the Experience 

Curve. Private investments and corporations are critical participants in transforming energy 

markets. Policy and social solutions can push them in that direction.

The good news is that the context for social solutions is better today than it has been 

in past decades. Because of policy advances, corporate innovations, and support from civil 

society organizations, energy consumers are faced with a much wider range of choice for 

 effi ciency, renewables, and conservation than ever before.

In many states, they can choose renewable sources for their electricity. In some areas, they 

can buy or lease rooftop PV systems and run their utility meters backward with excess production. 

They cannot yet go to Wal-Mart or Home Depot and buy PV arrays with built-in synchronous 

inverters that they can simply “plug and play” these devices, but these products are not far away.

They can buy more effi cient hybrid vehicles, and in a few years they can move on to 

fl ex-fuel plug-in hybrids that give them greater fuel choice (gas, electric, and/or E85 ethanol) 
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especially when E85 becomes more available. They can replace appliances and equipment 

with high-effi ciency models meeting improved standards or go beyond those standards with 

ENERGY STAR rated units.

They can buy energy-effi cient “green” houses, built by certifi ed builders following 

trustworthy and documented green protocols, like LEED. They have more choices to live 

in walkable and transit-oriented communities that are less dependent on the automobile. 

Better transit and light rail systems and better bikeways are giving them better choices of 

transportation modes.

16.5 Summary
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 energy patterns to sustainable energy characterized by greater effi ciency of use, limited oil, and 

limited carbon emissions. This market transformation requires techno-economic  solutions,

policy solutions, and social solutions.

Previous chapters emphasized technical solutions, and this chapter looked at some con-

cepts of market transformation including existing barriers to achieving technical potential. 

These barriers include imperfect market forces, market inertia, transaction costs, and social 

and cultural factors. Market forces are driven by the price or initial cost of a technology and 

its energy and dollar savings. The price of a new technology depends on its stage of devel-

opment, and the Experience Curve helps track and predict price reductions as cumulative 

 production increases. The curve can also be used to estimate learning investments necessary 

to achieve a certain production and price level. Government policies can help new technolo-

gies move down the Experience Curve.

In practice, even short simple payback periods do not achieve signifi cant market pen-

etration. Because of transaction costs and other market imperfections such as external effects 

of energy on the environment, there is a need for government policy to intervene into energy 

markets, and to accelerate the market penetration of sustainable energy through regulation, 

tax policy, direct funding, and planning.

But achieving meaningful energy policy is complicated by the high stakes and com-

petitive politics of energy. Diverse interests fragment political support and many government 

policies fall short of the aggressive market transformation programs necessary to speed our 

path to sustainable energy. What may be necessary to build political support for meaningful 

policy is the social solution of a sustainable energy social movement. Such a movement could 

also effect widespread consumer choice for sustainable energy, including effi ciency improve-

ments through technical advances and conservation behavior through voluntary action.


